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Learning Objectives:

• Update on new state laws and policies

• Highlight recent OHSU research and 

collaborations

• Implement active strategies for concussion 

recovery

• Become familiar with Return to Learn 

strategies

• Learn about rehabilitation roles and protocols
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OHSU Concussion Center 

The  NW’s most comprehensive, multidisciplinary 

concussion care center 

• Cutting edge research and clinical care

– Concussion rehab and clinical outcomes

– Sensory Integration: balance & auditory processing

– Chronic traumatic encephalopathy(CTE)-tau protein

– Informatics and clinical guidelines

Yearly TBI Scientific Symposium- research to rehab

Partnerships- academics, community and industry

OHSU



OCAMP

Brain Injury Rehabilitation Center (BIRC)

Stanford

Univ

Hawaii

REED COLLEGE
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OHSU TBI- PTSD Research to 

Rehabilitation Scientific Symposium
Dec 13-14, 2019  Dr Steve Broglio, ATC PhD

School of Medicine

Research Roadmap

Collaboration Advancement 

Award OHSU



OHSU TBI Initiative 
Dr. Jim Chesnutt, SM, Ortho Rehab, FM, Neuro

Dr. George Keepers,  Chair of Psychiatry

Dr Nathan Selden, Vice chair Neurosurgery

• Over 150 clinicians and researchers

• Research on basic science pathophys & 

imaging

• Clinical research:  trauma, balance, education

• Multidisciplinary teams, inpt, outpt, outreach

• VA Collaboration, auditory processing, neuro

trauma, PTSD, research, rehab protocols

• Medical Informatics, EBM, policy

OHSU



OHSU Concussion Management

• Pre-season Impact baseline testing

– Can do whole team or individuals

• Athletic trainers on- field and in injury clinic

• Post –concussion evaluations

– Physician and ATC evaluations & Impact testing

• Concussion Rehabilitation Team

– PT, Vestibular/ENT, SLP/ cognitive,OT/vision

• Severe/Chronic: Neuropsych, Neuro, NSurg

Sport Concussion Support Group (student/family)

OHSU



Interdisciplinary approach: OHSU Model

ATC Sports 

Med

On the 

field

Comprehensive Neurological 

Rehab Team

OT

PT

SLP

3 wks

Vision Therapist

Neuro optometrist

School coordinator

Neuropsychologist

ED

Outside referral

(MD, PT, DC, other)
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Concussions: The Problem

• We now realize  concussions 
occur more often than 
previously thought

• Young athletes are at risk for 
serious short-term and long-
term problems 

• There is much variation in 
the knowledge of Health 
Care Providers managing 
concussed athletes

• New and emerging 
technologies will lead to a 
continuing evolution of care

OHSU



Concussions:

The Oregon Plan
State-wide concussion 

management program 

involving all high schools

• Establish state-wide 

physician network 

• Uniform evaluation and 

management protocol

• Consultation service for 

coaches, athletes, parents, 

and physicians

• ImPACT baseline suggested 

for contact and collision 

sport athletes

OHSU



Oregon Concussion Awareness and 

Management Program (OCAMP)

Multi-disciplinary group across  the state:

Educators,  Physicians,  Neuropsychologists, 

Certified athletic trainers,  Rehab Therapists

Brain Injury Association of Oregon

Athletic Directors(OADA), 

Center for Brain Injury Research and Teaching

Representatives from OSAA , OR Dept of Ed. 

OHSU



Concussions: The Oregon Plan

Portland: OHSU
Dr Chesnutt/King/Wilhelm

Eugene: Slocum

Dr. Mick Koester

Ann Glang PhD

Li-Shan Chou PhD

Bend: The Center-

St Charles Hosp.

Dr. Sondra Marshall

Dr. Viviane Ugalde

Regional OCAMP Concussion Centers

^^

^^

^^

^^

^^

^^

^^

^^

^^

^

Each helps “oversee” programs at the “satellite” sites and 

help local doctors/trainers care for their own athletes

*

**OHSU



Max’s Law:  Sports Concussion

(SB 348- April 2009, 1st one passed!) 

Max Condradt is an OR brain- injured athlete 

hurt in football.

• No return-to- play the same day as 

concussion 

• Medical release needed to return to play

• Yearly coach concussion education required
– Free for coach : www.osaa.org/healthandsafety/concussion.asp

• Effective:  July 2009

OHSU

http://www.osaa.org/healthandsafety/concussion.asp


Max's Law - Sports Concussion SB 348

Left to right: David Kracke, Max 

Conradt, Governor Ted Kulongoski, 

Tootie Smith, Sherry Stock

OHSU



Max’s Law: The 4 R’s

1. RECOGNIZE:

– all coaches must receive annual training in recognizing 

the symptoms of concussion.

2. REMOVE:

– no same day return to play

3. REFER :

– must be evaluated by a properly trained medical 

professional. 

4. RETURN :

– all symptoms  resolved, graded return to play over 

about one wk and a medical release has been obtained

OHSU



Zachery Lystedt Law 
Washington HB 1824         5-14-2009

• Youth athletes who are suspected of sustaining a concussion or head 

injury be removed from play. "When in doubt, sit them out"

• School districts to work with the Washington Interscholastic Activities 

Association (WIAA) to develop information and policies on educating 

coaches, youth athletes and parents about the nature and risk of 

concussion, including the dangers of returning to practice or 

competition after a concussion or head injury.

• All student athletes and their parents/guardians sign an information 

sheet about concussion and head injury prior to the youth athlete's 

initiating practice at the start of each season.

• Youth athletes who have been removed from play receive written 

medical clearance prior to returning to play from a licensed health-care 

provider trained in the evaluation and management of concussion.

OHSU



New 2013 Oregon Bill 

Concussions in  Club sports
Jenna Sneva, ski racer, >12 concussions

Jenna’s Law

What’s new in 2018: 
SB 217- Add  naturopath/ Chiro/ AT / PT to clear mTBI

OHSU to provide concussion education for state law

OHSU



OHSU



OHSU



 

August 2016  1 

GOVERNOR’S TASK 

FORCE ON TRAUMATIC 

BRAIN INJURY 

REPORT ON FINDINGS AND RECOMMENDATIONS 

OUR VISION 

The   vision   of   the  Governor’s   Task  Force   on  TBI   is that 

Oregon will establish and maintain a comprehensive, public-

private system of coordinated care and supports for 

individuals with brain injury of all ages, severity levels, and 

backgrounds that facilitates maximum community 

engagement and quality of life. 

I. BACKGROUND  

Traumatic brain injury (TBI) is a sudden bump, jolt or blow to the head or 

penetrating injury disrupting the normal function of the brain.1 TBI is a significant 

national public health problem. 

 Each year, an estimated 1.7 million people in the United States sustain 

TBIs through falls, unintentional blunt trauma, motor vehicle collisions, 

firearm incidents, and sports activities.1,2 
 

 Of particular concern is violence-related TBI, with at least 156,000 deaths, 

hospitalizations, and emergency department visits in the U.S. each year 

due to TBI-related assaults,3 including domestic partner violence.3  
 

OHSU



 

August 2016  29 

recommendations have broad applicability for individuals who live with all types 

of brain injury (e.g., stroke, tumor, anoxia).  

The BI Coordinator-Advocate will have the opportunity to address these 

concerns, working across state agencies and with individuals with brain injury, 

their family members, and care and advocacy groups throughout the state.  

Outreach to private sector care, advocacy groups and organizations is an 

important aspect of the BI Coordinator-Advocate’s  responsibilities  as  it  is  vital  

that the needs of all individuals with brain injury, their families and friends be 

recognized and addressed specifically with any recommended state action. As a 

result, it is important that the BI Coordinator-Advocate have knowledge of and an 

ability to work with the various   survivor   groups   including   private   Veterans’  

associations, the Brain Injury Alliance of Oregon, Brain Injury Connections NW, 

private care facilities and the other brain injury advocacy, support and care 

groups throughout the state.     

V. STATEWIDE RECOMMENDATIONS  

RECOMMENDATIONS AT A GLANCE 

1. Increase educational outreach 

2. Establish a TBI Clinical Registry 

3. Establish  a  centralized  “road  map”  of  services  and  resources 

4. Establish a statewide program of care coordinators 

5. Develop an equitable system of care and services 

6. Develop a communication system to improve coordination across 

agencies 

7. Establish sustainable, equitable funding mechanisms 

8. Establish  the  Governor’s  Traumatic  Brain  Injury  Coordinator  and  

Advocate in the Office of the Governor 
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GOVERNOR’S  TASK  FORCE  ON  TRAUMATIC  BRAIN  
INJURY:  EXECUTIVE  ORDER  NO.  13-02,  2013 

 REPORT ON FINDINGS AND 

RECOMMENDATIONS 

OHSU
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What is a Concussion?

• A concussion is a mild 

traumatic brain injury that 

interferes with normal function 

of the brain 

• Evolving knowledge- “dings” 

and “bell ringers” are brain 

injuries- no such thing as a mild 

concussion

• Loss of consciousness is not 

common in concussion(<90%)

• (GCS 13-15)

OHSU



Concussion Mechanics/ Biology
• Aceleration/ Deceleration 

• Linear/ rotational

• Neurometabolic energy crisis

• Decreased cerebral blood flow, glucose

• Abnormalities Glutamate, K, Na, Ca, etc

• Endocrine, neurochemical abnormalities

• Neuron injury  and Axon shearing

• Prefrontal motor cortex, corpus callosum 

and central processing network

OHSU



Metabolic Crisis in Brain post TBI-

OHSU



Concussion: Helmet to helmet hit

OHSU



Newer Data High School RIO  2015-6

Injury rate per 10,000 player exposures competition

• Boy’s Football-- 10.5 

• Girls’ soccer 9.2

• Girls’ lacrosse 8.6

• Boys’ Ice Hockey – 7.6 

• Boys’ Wrestling – 5.5

• Girls’ basketball 5.5

• Boys’ Lacrosse – 5.0

• Boys’ Soccer – 4.2

• Girls’ field hockey 4.1

• Boys’ basketball 3.9

OHSU



Soccer-Football and Concussion
World Soccer and Science Conf -2016

• Estimate 270 million players world wide

• 27 mil in N America

• 40 % concussions for arm/ elbow to head

• 60% contact related to headers  but not 

headers themselves

• Female more ground contact

• Heading may be related to brain injury

– Usually at least 1000yr  worse if over 1800?

OHSU



Concussion Symptoms

variable for each individual in terms of type, intensity 

and duration:

• Symptoms: (eg, headache, foggy or emotional) l

• Physical signs (eg, loss of consciousness, amnesia, 

neurological deficit) 

• Balance impairment (eg, gait unsteadiness) 

• Behavioral changes (eg, irritability) 

• Cognitive impairment (eg, slowed reaction times) 

• Sleep/wake disturbance (eg, somnolence,drowsiness)

Berlin 2016. McCrory P, et al. Br J Sports Med 2017. 

OHSU



Symptoms

• Headache 75%

• Blurred vision 75%

• Dizziness 60%

• Nausea 54%

• Memory/ confusion   40-60%

• Double vision 11%

• Noise sensitivity 4%

• Light sensitivity  4%

• Loss of consciousness  5-10%
Carney, Ghajar et al 2014

OHSU



New Definition
evidence- based systematic review

1.) a change in brain function;

2.) following a force to the head( +/- hit)  

-a potentially concussive event; 

3). may (or may not) be accompanied by 

temporary LOC; 

4.) identified in awake individuals; and 

5.) includes measures of neurologic and 

cognitive dysfunction. (Carney, Ghajar et al., 2014.)

OHSU



Concussion -consistent and 

prevalent diagnostic indicators

1.) observed and documented disorientation or 

confusion immediately after the event; 

2.) impaired balance within 1 day after injury; 

3.) slower reaction time within 2 days after 

injury; and /or 

4.) impaired verbal learning and memory within 

two days after injury. (Carney,Gjahar, et al., 

2014.)

OHSU



Interdisciplinary Approach: Concussion Symptoms

Adapted from Collins MW et al; Knee Surg Sports Traumatol Arthosc 2014

Concussion

Anxiety/

Mood

Ocular

Cognitive

Migraine

Cervical

Vestibular

Auditory

Autonomic

OHSU



Dynamic Model of Concussion
work started in 2013 on scale model and causal loop diagram 

model   and  finally papers published 2017 and 2018

Stanford

OHSU



Concussion As a Multi-Scale Complex System: 

An interdisciplinary Synthesis of Current Knowledge
Erin S. Kenzie, Elle L. Parks, Erin D. Bigler, Miranda M. Lim, James C. 

Chesnutt, and Wayne Wakeland

Frontiers in Neurology September 2017 | Volume 8 | Article 513 

OHSU



The Dynamics of Concussion: Mapping Pathophysiology, Persistence, and 

Recovery With Causal-Loop Diagramming
Benzie ES, Parks EL, Bigler ED, Wright DW, Lim MM, Chesnutt JC, Hawryluk GWJ, Gordon W and 

Wakeland W (2018). Front. Neurol. 9:203.  

www.Dynamicsofconcussion.com

OHSU
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Concussion Subtype Development 

Concussion

Anxiety/

Mood

Ocular

Cognitive

Migraine

Cervical

Modifier

Vestibular

Auditory

Autonomic

Sleep- ModifierOHSU



Neurosurgery 0:1–12, 2019 
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Concussion in the Media
• Baseline neuropsych testing of Pro Athletes 

in NFL, NHL, Baseball and other sports 

• Higher incidence  ( 3X) of depression if  >3 

concussions in Pro athletes in some studies

• Risk of premature dementia

• Possible brain damage

– Brain lesion : tau protein deposition

– Similarities to Alzheimer's/Parkinson’s

– Higher risk if certain genes (APO E -4) 

– CTE  chronic traumatic encephalopathy

OHSU



CTE- Tau deposition
perivascular and frontal/temporal sulci

assoc with repetitive TBI  but no  direct cause

Recent article suggests possible very high rate in FB??

JAMA. 2017;318:360–370. 

Recent 50 yr follow up study HS FB very low rate neuro problems

normal Tau tangles Tau  plaques Boston Univ CTE Center

OHSU



?

12 
 

 
 
BrainScope One capitalizes on a ubiquitous smartphone platform leveraging enhanced technology for large 
processing power in a small form factor design.  In addition, the platform meets the ruggedized military 
specification.   We intend to utilize this commercial system for current and future studies using a specialized 
software variant designed specific to the study needs.  
 

Figure 3: BrainScope One 

 

   

 

 

 

Figure 4: Other  BrainScope Components 

Brainscope

NY Time, LA Times, etc, 2/18

FDA approves first blood 

test that can help 

diagnose a concussion ,           
what????It actually does not 

diagnose concussion at all.. Only 

brain bleeds and structural brain 

injury

OHSU
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AAN 2013 Concussion Guideline
http://www.neurology.org/content/80/24/2250.full.pdf+html
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Published 2107 - newest guidelines!!

McCrory P, et al. Br J Sports Med 2017

OHSU



Sport Concussion Assessment Tool   

( SCAT5)

OHSU



Sideline Evaluation

Also     GCS, 13-15,      neck exam

OHSU
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The Canadian Head CT rule 
100% sensitive abnormalities that need neurosurgery. 

Major Criteria:

• 1.)GCS < 15 at 2 hours post-injury; 2.)Suspected open or 

depressed skull fracture; 3.) Any sign of basilar skull 

fracture; 4.) Blood in the middle ear( hemotympanum), or 

around eyes (raccoon eyes) or back of head( Battle’s sign)  

or cerebral spinal fluid drainage from the nose/ ears); 

5.)vomiting (≥ 2 episodes);  6.) Age ≥ 65. 

Minor Criteria: 

• 1.)Retrograde Amnesia to the Event ≥ 30 minutes; 

2.)"Dangerous" Mechanism; 3.)Pedestrian struck by motor 

vehicle; 4.)Occupant ejected from motor vehicle; 4.)Fall 

from > 3 feet or > 5 stairs. (Stiell et al. 2001). 

OHSU



PECARN CT rule

14%

58%

28%
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• GCS <15

• Signs of basilar 

skull fx

• AMS-agitation, 

somnolence, slow 

response,repetive

questions

Needs CT scan

High risk 4.3% of 

clnically signif TBI 

needing acute 

intervention

NO- 58%

CT  not Needed

Observe 

Low risk <0.05%

YES to any->
28%

PECARN CT Rule 
Pediatric Emergency Care Applied Research Network

NO->

YES-

14% positive

• Vomiting

• LOC

• Severe Headache

• Severe 

mechanism of 

injury- fall> 5 ft, 

MVA ejection, 

rollover, fatality, 

high speed, bike 

crash no helmet

Observe vs CT

Intermediate risk

0.8%

Depends on 

worsening, doctor 

experience, family 

concern

OHSU



Brain Imaging in Acute TBI

• The decision rule-predicting positive CT  

– 100% sensitive ( picks up all problems)

– 46%  specific ( picks up more unrelated 

problems)

– 13.8 % positive if meet criteria

– All negative if no criteria
OHSU



Balance screening after concussion

• Balance assessment  recommendations in 2009

• Now required for NCAA sports 

• BESS (modified) –balance error scoring system

• count errors - can be variable

• Sensitivity  34%–64% to detect mTBI

• Balance reportedly resolves after 3-5 days 
But may be due to insensitive testing

**Need better  balance tests- goal to find 

more sensitive test that can be easily done

Many investigators trying objectify balance better.

(Zurich 2008; McCrory 2009, Guskiewicz 2001, Finnoff 2009, King 2013, Giza 2013)

OHSU



Instrument the BESS using an inertial sensor

Inertial sensors: 

similar to force plate  

-Portable

-Automatic analysis

New portable, 

wearable and 

wireless 

technology 

OHSU



Instrumenting the BESS could best 
classify chronic concussion vs healthy

(Mancini et al.,  2012, King et al 2013)

King LA, Horak FB, Mancini, Pierce D, Priest KC, Chesnutt JC, Sullivan P, 

Chapman JC. Instrumenting the Balance Error Scoring System for use with patients 

reporting persistent balance problems after mild traumatic brain injury. Arch Phys 

Med Rehabil. 2013 Nov 4.

Recovery of postural control after a concussion 
King LA1, Horak FB1, Chesnutt J2 & Chapman JC 3,4  

 
1Department of Neurology, Oregon Health & Science University, Portland, OR, USA 

2Department of Sports Medicine, Oregon Health & Science University, Portland, OR, USA 
3War Related Illness and Injury Study Center (WRIISC-DC), Washington, DC Veterans, Affairs Medical Center 

4Department of Neurology, Georgetown University School of Medicine, Washington, DC  

RESULTS CONCLUSIONS BACKGROUND & OBJECTIVE 
The IBESS revealed differences (p= 0.047) in balance between 

acutely concussed (2 days post-injury) and control athletes. The 

non-instrumented BESS showed no group difference  (p= 0.063).  

 

Acutely (Day 2), our case group was divided between those with 

normal (54%) and abnormal (45%) balance. Sub-acutely, at 9 

days post injury, 40% remained abnormal, decreasing to 20% at 

16 days and 1 person at day 23. 

 

Of note, at day 5, 80% of the athletes with abnormal balance had 

returned to baseline cognitive efficiency (ImPACT score) and 

were returned to play.    
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! Balance deficits, common after concussion, are rarely factored 

into clinical decision-making due to a lack of sensitive, objective 

measures. 

 

! Having recently found balance deficits in a chronic mTBI sample 

with persistent symptoms, the purpose of the current study was 

to characterize balance deficits in the acute and post-acute 

period after concussion. 

The study was conducted at Oregon Health & Science University and 

Portland State University. Subjects: 11 athletes with a mean age of 20 

(±1) with a recent history of concussion (case group) and 17 age-

matched control athletes with no history of concussion (control group). 

  

 

METHODS & DESIGN 

Testing Protocol: Each participant 

was serially tested over 3wks post-

concussion using the Instrumented 

Balance Error Scoring System 

( IBESS) . Pos tu ra l sway was 

automatically quantified both in AP 

and ML directions using one Opal 

accelerometer.  APDM software was 

used to calculate the Root Mean 

Square (RMS) around the mean 

position, a  metric representing sway 

dispersion (RMS=APacc2+MLacc2).   

Non-Instrumented BESS scores were 

compared with instrumented 

(IBESS).  

 

Fig 3. Eleven athletes tested serially for sway measures during the IBESS. Gray 

area represents ± 1 SD from the mean (solid black line) from the 17 age-

matched control athletes with no history of concussion.  

CONFLICT OF INTEREST 

OHSU and Dr. Horak have a significant financial interest in 

APDM, a company that may have a commercial interest in 

the results of this research and technology.  This potential 

institutional and individual conflict has been reviewed and 

managed by OHSU. 

Figure 2. Bland-Altman plot for 

evaluating the agreement among 

two measurements taken for the 

control group.  

 

Figure 1.  Postural Sway during 

Instrumented BESS in the Anterior-

Posterior (AP) and Medio-Lateral 

(ML direction.  

! In acute and post-acute periods after concussion, cases 

had measurable balance deficits, not detected on clinical 

balance exams (non-instrumented BESS). 

! Inertial sensors, objective and portable, may help to 

identify incomplete recovery post-concussion.   

! These findings have implications for the military since 

balance problems post-TBI may impact the functioning of 

military personnel in and outside of combat.  
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Return to play

Also – balance tends to worsen after 

return to play as suggested in our data 

and  data from Howell at Univ Oregon*

3.8 x increase in ortho injuries in 90 days 

post concussion RTP  2013

*King et al, 2014

*Howell D. MS, Osternig L. Chou L. 2015 .

*OHSU



Dynamic balance during walking

Gait variability larger after concussion
worse with dual task

OHSU



Static balance: take home

Sensor with double 
limb stance on firm: 
best at diagnosing 
concussion and 
tracking recovery

King LA et al; Ann Biomed Eng 2017
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Active Management of Concussions:

Return to  Learn and Play

59
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The Goal of Appropriate 

Treatment

• Minimize the duration of symptoms

• Return to play as soon as safely 

possible

• Avoid entirely the risk of second impact 

syndrome

• Minimize the rate of chronic post 

concussion syndrome

OHSU



Concussion recovery: How long 

does it take?

n = 134 male football athletes

Collins et al; Neurosurgery 2006
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Concussion prognostic Factors 

• Athlete  pre-injury characteristics:

– Previous concussions

– Migraine ( personal and family)

– Vestibular or occular issues

– ADD or learning issues

– Genetics ( apoE 4)

– Age/ gender

• Am J Sports Med 399110:2311-2318

suggesting slower recovery

OHSU



Concussion Prognostic Factors

suggesting slower recovery

• Post concussion symptoms:

– Early dizziness/ imbalance( 7x risk >21 days)

– Nausea and Vomiting

– Diff concentrating and fogginess

– Photo/ phonosensitivity

– Early intervention seems to impact recovery

Am J Sports Med 399;110:2311-2318

OHSU



“Rest or not to rest?”

• Recognize role of relative rest: avoid 

“cocoon” or “black box” theories

• “best evidence suggests complete rest 

exceeding 3 days is probably not helpful” 
– Silverberg. J Head Trauma Rehab. 2013

• Encourage return to some activity

–  mood disorders/social isolation

• Avoiding contact sports

– Decreased reaction speed

– Brain more vulnerable to injury , 2nd impact64

OHSU



Exercise and Concussion recovery

• Post concussion treadmill tests in first 

week are safe per Dr Leddy study

• Exercise tolerance associated with 

successful RTP- Leddy

• Improved aerobic fitness associated with 

fewer headaches, esp migraine

65
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Aerobic Exercise: Buffalo Concussion Treadmill Test (BCTT) 
(Modified Balke protocol)

Provocative exercise test: help to 
determine if ready for RTP

– Protocol: Measure BP, HR and 
RPE

• Treadmill: 3.6 mph, 0.0% incline
• Minute 2: 3.6 mph, 1.0% incline
• Minute 3: 3.6 mph, 2.0% incline
• Minute 4: 3.6 mph, 3.0% incline
• Keep going: ↑ 1.0% incline every min 

until:
– Symptomatic (≥ 3 points)
– Exhaustion (Borg 19/20 or 85% of 

age-predicted max HR)

– High inter-rater reliability (95%) 
and sensitivity (99%) Leddy JJ et al 2013

Baker JG et al 2012

OHSU
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Vestibular Rehabilitation with Concussion is 
effective

Recommended by 
5th Consensus 
statement on 
concussion in 
sport

Schneider KJ et al;  Br J Sports Med 2014

Alsalaheen BA et al; J Neurol Phys Ther. 2010

McCroy P, Meeuwisse W, Dvorak J et al; Br J Sports Med 2017

Vestibular therapy + cervical PT vs sham

OHSU



Early Physical Therapy in concussion is safe

• PT: 10 days post 
injury
– Safe
– Shortened recovery 

time

• Return to activity 
in kids within 7 
days:  symptoms vs 
no activity

• Aerobic exercise
– Buffalo protocol 

(treadmill) 1-9 days 
post injury did not 
harm patients

Grool AM et al; JAMA 2016

Reneker JC et al; Scand J Med Sci Sports 2017

Leddy et al; Clin J Sports Med 2018

OHSU



Vestibular 

rehab + 

auditory 

feedback

Assessment and Rehabilitation of Central Sensory 
Impairments for Balance in mTBI

PI:  Laurie A King, PT, Ph.D. DOD Award: $2 million

Study Aim 1: To characterize 
the differences in sensory 
weighting between people 
with and without chronic mTBI

Study aim 2: To evaluate 
whether sensory weighting 
changes with rehabilitation

Fino PC et al; BMC Neurol 2017

Peripheral 
vestibular

Central 
Balance 

Processing

Balance 
deficits 
after 

concussion

Vestibular 

rehab
vs

OHSU
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Eyes Open Eyes Closed

Feet Together (DS), Firm

S
ta

ti
c

Standing Still Tossing 

Ball

Rotating Head 

(L/ R)

Smooth Pursuit

Gaze

Stabilization

Saccades

Bobbing Head 

(U/ D)

Smooth Pursuit

Gaze 

Stabilization

Saccades

Standing 

Still

Rotating 

Head (L/ R)

Bobbing 

Head  (U/ D)

Feet Together (DS), Foam 

Standing Still Tossing Ball Rotating 

Head (L/ R)

Bobbing Head 

(U/D) 

Standing 

Still

Rotating 

Head (L/ R) 

Bobbing 

Head (U/D)

D
y
n

a
m

ic

Tandem Gait, Firm

Walking Tossing Ball Rotating 

Head (L/ R)

Bobbing Head 

(U/D) 

Walking

Tandem Gait, Foam

Walking Tossing Ball Rotating 

Head (L/ R)

Bobbing Head 

(U/D) 

Walking

Bending
Chair Side of 

Treadmill

Floor Chair Side of 

Treadmill

Floor

S
q

u
a
tt

in
g

Squat Firm

Sit to stand 

(mini squat)

Lunge Lunge onto 

unstable

surface

Lunge + Twist Sit to stand 

(mini squat)

Lunge Lunge onto 

unstable

surface

Lunge + 

Twist

Squat Foam

Sit to stand 

(mini squat)

Lunge Lunge onto 

unstable

surface

Lunge + Twist Sit to stand 

(mini squat)

Lunge Lunge onto 

unstable

surface

Lunge + 

Twist

Vestibular rehabilitation program – progressing 
in difficulty over 6 weeks

(Fino, et al., 2017)
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Results: No abnormal otolith function

p=0.08 p=0.08

• No difference in the amplitude of cVEMP or oVEMP (p>0.05)

Control (n=51)

Concussion (n=28)

OHSU



Results: Abnormal central control of 
balance post concussion

* *

Control (n=51)

Concussion (n=28)

mBESS: Feet together, EC + Foam Composite score of SOT

OHSU
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Preliminary results: 
Auditory biofeedback may be useful to augment 
real-time sensory feedback for balance

OHSU
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• Chronic mTBI: 

• Central dysfunction of vestibular system 

• No peripheral otolith dysfunction

• People with chronic mTBI improved!

• Repetition/frequency higher in research protocol

• Outcome measures: 

• SCAT symptom checklist

• SOT/CSMI

Take homes

OHSU



Rehabilitation of Complex TBI with Sensory 

Integration Balance Deficits: Can Early Initiation of 

Rehabilitation with Wearable Sensor Technology 

Improve Outcomes? 

Log #PT160104

Award # W81XWH-17-1-0424

PI:  Laurie A King, PT, Ph.D. DOD Award: $4,652,124

OHSU



Why early rehab?

• Waiting can encourage 
maladaptive strategies

• Early promotes
neuroplasticity

• After peripheral 
vestibular disorder: 
improved outcomes when 
treated early vs late

• Negative outcomes: hours 
post injury (not days) 
based on animal models

• Early is the new Normal: 
– Early mobilization in the 

ICU on mechanical 
ventilation improves LOS

– Early (2 d) vs Delayed (9 d) 
rehab for muscle injury : 
faster RTP

– Current model for 
neurological rehabilitation

Bamiou DB et al Scand Audio 2000; Shen J et al; Brain Research  2016

Hashem MD et al; Respir Care 2016; Bayer et al; N Engl J Med 2017

OHSU



Study Aims

1. Does early rehab 
improve outcomes 
vs standard care?

2. Are patients doing 
their home program 
and are they doing it 
correctly? 

3. Develop technology 
for PTs to get real 
time feedback on 
head/trunk motion

OHSU
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Protocol

Cervical

Manual

Stretching

Strengthening

Joint Position 
Sense

Cardio

80% of HR from 
Buffalo treadmill 

protocol

Static balance

EO/EC

Firm/Foam

Head turns

VOR gaze 
stabilization/visual 
motion sensitivity 

Dynamic 
balance

Walking

Bending

Squatting

BPPV

Epley
maneuverOHSU



Early Concussion Intervention: 
Study Overview

Population

• 18-60 yo

• < 12 wks from 
concussion

Intervention

• Vestibular x 30 
min

• Cervical x 15 
min

• Cardiovascular 
(sub threshold) 
x 15 min

Comparison

• “Early” vs 
“Standard” 
care

• With and 
without home 
monitoring 
using sensors

Outcome

• Buffalo 
treadmill

• SCAT2

• VOMS

• Instrumented 
BESS and 
walking tests

• CSMI

OHSU



Contact Info

concussionresearch@ohsu.edu

Phone: 503-418-2602OHSU

mailto:concussionresearch@ohsu.edu
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biofeedback: a randomized clinical trial. BMC Neurology 2017, 

17(1):41.
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Journal of Neurotrauma, 2015 33(7);705-11
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Chou L., King L.A. (Under Review). Detecting Gait Abnormalities 

After Concussion or Mild Traumatic Brain Injury: A Systematic 
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Grants awarded for mTBI and Balance (OHSU: Neurology King Lab)

Grants

 NIH: Center for Translation of Rehabilitation 

Engineering Advances and Technology 

(TREAT)

Title: Wearable Sensor to Detect Postural 

Instability in People after Concussion 

PI: Laurie King PT, Ph.D

• OCTRI K22

Title: Quantification of balance deficits after 

concussion; implications in return to play 

determination

PI: Laurie King PT, Ph.D

• NIH R21

Title: Wearable Sensor to Detect Postural 

Instability in People after mTBI

PI: Laurie King PT, Ph.D

• Department of Defense

Title: Assessment and Rehabilitation of 

Central Sensory Impairments for Balance in 

mTBI

PI: Laurie King PT, Ph.D

• Medical Research Foundation

Title: Perturbations and mTBI

PI: Peter Fino PhD

• Department of Defense

Title: Rehabilitation of Complex TBI with 

Sensory Integration Balance Deficits; Can 

Early Initiation of Rehabilitation with Wearable 

Sensor Technology Improve Outcomes?

PI: Laurie King PT, Ph.D
2011 2012 2014 2015 2017

30k 100k
275k

2M

4.7M
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Interdisciplinary approach: OHSU Model

ATC Sports 

Med

On the 

field

Comprehensive Neurological 

Rehab Team

OT

SLP

PT

3 wks

Vision Therapist

School coordinator

Neuropsychologist

ED

OHSU



OHSU Concussion Rehab Team
A. Speech -language pathologist: for evaluation and treatment to 

address cognitive and executive function  and school and work issues.

B. Physical therapy:  for vestibular therapy  and neck and associated 

orthopaedic issues and exercise testing and prescription.

C. Occupational Therapy:  for visual and functional therapy , s 

sensory integration/ overload and driving evaluations.

D. Concussion Coping  Clinic and Support Group

This is on the 1st floor of OHSU Center for Health and Healing.

Please call 503-494-3151 to schedule an appointment but this will likely 

need to be approved by your insurance 

OHSU



Return to Play Protocol

Stage Aim Activity Goal

1 Symptom 

limited 

activity

Daily activities that do not increase 

symptoms (after about 1-2 d rest)

Gradual re-introduction of 

work/school activities

2 Light aerobic 

exercise

Walking or stationary bike. No 

resistance training

Increase in HR <70% max

Walk, jog, exercise bike

3 Sport-specific 

exercise

Running/skating drills; no head 

impact activities

Add movement

4 Non-contact

training drills

Harder training drills (passing

drills). Start progressive resistance 

training

Exercise, coordination and 

cognitive load

add wt lifting, passing, plays 

5 Full contact 

practice

*Requires medical clearance; can 

participate in normal training 

activities

Restore confidence and 

asses functional skills by 

coaching staff/ ATC

6 Return to sport Normal unrestricted game play

*Start with 24-48 hrs of rest before initiating stage 1

*Minimum 24 hrs per stage

McCroy P, et al; Br J Sports Med. 2017
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OSAA Concussion Return to Play Form
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OSAA Concussion Return to Play Form
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Return to Academic Plan

1. RECOGNIZE:

Concussion management team identifies student’s concussion and informs teachers

2. REMOVE/REST:

Students remain home for 2 days  or more with physical and cognitive rest

3. REFER :

Students suspected of sustaining a concussion must be evaluated  and 

cleared by a properly trained medical professional. 

4. RETURN :

Develop return to academic plan with educational accommodations with 

modified environment and work load. Consider freezing grades early and be 

flexible with transitions. Back to school before athletics!

OHSU
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CBIRT- www.osaa.org Return to Learn

 
 

 
 

Post-Concussion Academic Accommodation Protocol 
 

Most students who sustain a concussion return to pre-injury functioning within 3–4 weeks of their injury. 

However, symptoms will linger beyond this time in approximately 10–20% of concussions. When this 

happens, the school team must continue academic adjustments and physical restrictions for a longer time. 

Symptoms might continue for weeks or even months. It is best practice for a school district to have a 

system in place by which a student can be evaluated for additional services (e.g., Section 504 plan, special 

education). 

 

A school-wide academic accommodation protocol for students with concussions or brain injuries can be 

effectively implemented in most schools using the following progression. 

 

1. Tier 1: The majority of students with a concussion will respond positively to a well-orchestrated 
system of cognitive reduction, physical rest, simple classroom adjustments to the existing classroom 
curriculum, and slight environmental changes to support physical and cognitive rest. At Tier 1, the 
Concussion Management Team (CMT) can collect data on symptoms to monitor progress and make 
modifications as needed. 

 
2. Tier 2: The 10–20% of students who experience symptoms beyond the typical 3–4 week recovery 

period can be systematically moved on to Tier 2 for Targeted Intervention. At Tier 2, a more 
formalized academic plan might be required for the student (Health Plan, RTI Plan, or Section 504 
Plan). The objective of Tier 2 is to expand and strengthen academic accommodations to effect greater 
recovery from the concussion. 

 
3. Tier 3: The 1–5% of students who do not adequately respond to concussion management efforts at 

Tiers 1 and 2 experience severe, long-term neurocognitive and physical effects for weeks or months. 
Students who do not benefit from management attempts at Tiers 1 or 2 would be advanced to the 
most intensive level of assessment and intervention provided at Tier 3. At this level, modification of 
curriculum and protection under IDEA, including an IEP, may be necessary. 

 

•Multi-Disciplinary Teams

•Common Classroom Adjustments

•Slight Environmental Modifications

•Recover Quickly

80-90% of Students with 
Brain Injuries

Tier 1
•Targeted Group Interventions

•Formalized Intervention Plans (504 Plan)

•Academic Accommodations

•Environmental Modifications

•Recover Within 3-4 Weeks

5-10%
Tier 2

•Individual Student Interventions

•Significant Environmental Modifications

•Curricular Modifications

•Special Education/IDEA

•Extended Recovery Time

1-5%
Tier 3

OHSU
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Purpose of Care Plan: Guide recovery , Educate, Manage 

exertional and school activity 

Educational resources: State TBI Teams

Develop concussion education programs and return to 

academic programs,  and assist with 504 plans if needed.

Call : 541-346-0597 or  Email: www.ocamp.org

OHSU

http://www.ocamp.org


http://brain101.orcasinc.com

The Effectiveness of a Web-Based Resource in Improving Post-concussion Management in High 

Schools. Glang AE,  Koester MC, Chesnutt JC,  Gioia GA, McAvoy K, Marshall S, Gau JM, Journal of 

Adolescent Health , Volume 56, Issue 1 , 91 – 97,  Jan 2015. 

OHSU



https://teachaids.org/for-concussions/crashcourse/

OHSU
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USA FOOTBALL- Heads Up program

Video on OSAA website- www.osaa.org

• OSAA- Concussion guidelines and 
return to learn info from CBIRT/ OCAMP

• www.osaa.org/health-safety

CDC  Concussion Tool Kit

• Videos and Educational/ media  programs
www.cdc.gov/ncipc/tbi/Coaches_Tool_Kit.htm

OHSU
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Summary
• Must improve early identification & diagnosis

• Coach, athlete, parent, Correction officer, medical 

education

• Careful individualized clinical assessment and 

tracking from time of injury
• SCAT5

• Neuropsychological Testing ( Impact, Axon, or full)

• Interdisciplinary Team- OT, PT, SLP

• Implement active treatment in home & school

school accommodations, 504 plan, OCAMP.org

Max’s Law Implementation Guide- download

• Free coaches education: You too can take this… 

www.osaa.org/healthandsafety/concussion.asp

OHSU
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OHSU Concussion Team

Sports Medicine Doctors
Jim Chesnutt, M.D.  . 

Ryan Petering, M.D. 

Melissa Novak D.O.

Rachel Bengtzen M.D. 

Doug McKeag, M.D.

Sean Robinson, M.D.

Carol Federiuk, M.D.

Ryan Norton, M.D

Physical/ Vestibular Therapy 

Jennifer Wilhelm, PT, DPT, NCS

Rachel Cohen, PT, DPT

Carly Lochala, PT, DPT

Kristin Moore, PT, DPT

Bill Rubine, MSPT

Jeff Schlimgen, MSPT, NCS

Marvin Smith, PT, DPT 

.Kate Scanlan, PT, DPT, NCS

Amy Woods, PT, DPT

Margaret McReynolds, PT, M.S.ED

Neuro-psychology

Sara Walker, PhD

Muriel Lezak, PhD

Leeza Maron, PhD

Bonnie Nagel, PhD

Trevor Hall, PhD

James  Carson, PhD

Tyler Duffield, PhD

Occupatioanl / Visual Therapy
Rosanne Yee, OTR-L

Anne-Marie Banasky, OTR-L, CHT

Kelly Dunbar, OTR-L, CHT

Kyla Laraway, OTR-L, OTD

Speech/ Cognitive Therapy

Haley Landau, MS, CCC-SLP

Kristin Knight, MS, CCC-SLP

Certified Athletic Trainers

Ryan Rockwood, ATC-R

Kayla Ward, ATC-R

Orthopeadics / Spine

Family Medicine

Neurology Peds/ Adult

Anesthesia/ Pain Center

Neurosurgery

Psychiatry

Trauma

ENT/ vestibular

Ophthalmology

Emergency Med

Internal Medicine

Pediatrics

Radiology
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Sports Concussion Management

Jim Chesnutt, M.D.  chesnutt@ohsu.edu

Ryan Petering, M.D. petering@ohsu.edu

Melissa Novak, D.O. novakm@ohsu.edu

Rachel Bengtzen, M.D.  bengtzen@ohsu.edu   

Doug McKeag, M.D.   mckeag@ohsu.edu

Drs. Sean Robinson, Carol Federiuk, Ryan Norton 

503-494-1950

OHSU
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Thank You

Jim Chesnutt, M.D.  

chesnutt@ohsu.edu

2019 OHSU TBI Symposium: Dec 13-14
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